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Abstract (Basic): EP 1063630 A2 

NOVELTY - Electric current supplied to Electro-luminescence EL 
element (110) is controlled by providing resistor (109) of resistance 
higher than on-resistance of current control of TFT (108). A capacitor 
(113) holds a gate voltage when the switching TFT is not selected. The 
digital data signal input to the pixel unit is formed by a 
time-division gradation data generating circuit that divides a frame 
into sub-frames. 

USE - For digital cameras, mobile phones, electronic books etc. 

ADVANTAGE - The display device is capable of producing an active 
matrix-type EL display capable with vivid multi-gradation color display 
without synergistic effect of dispersion. 

DESCRIPTION OF DRAWING(S) - The figure shows diagram illustrating 
the pixel on an enlarged scale. 

TFT (108) 

Resistor (109) 

EL Element (110) 

Capacitor (113) 

pp; 41 DwgNo IB/23 
Title Terms: ELECTRO; LUMINESCENT; ELECTROLUMINESCENT; DISPLAY; DEVICE; 



DIGITAL; CAMERA; MOBILE; TELEPHONE; ELECTRONIC; BOOK; FORM; THIN; FILM; 
TRANSISTOR; TFT; SUBSTRATE; RESISTOR; CURRENT; CONTROL; TFT; 
ELECTROLUMINESCENT; ELEMENT; PIXEL; UNIT 
Derwent Class: P81; P85; T04; U14 

International Patent Class (Main): G02F-0O1/136; G09G-003/30; HOIL-031/1 2 
International Patent Class (Additional): G09F-009/30; G09G-003/20; 

HOIL-027/15; H05B-033/14 
File Segment: EPI; EngPI 



DIALOGflOFile 347: JAPIO 

(c) 2002 JPO & JAPIO. All rts. reserv. 

06777951 "linage available** 

EL DISPLAY DEVICE AND ELECTRONIC DEVICE 

PUB. NO. : 2001-005426 [JP 2001005426 A] 
PUBLISHED: January 12, 2001 (20010112) 
INVENTOR(s): KOYAMA J UN 

APPLICANT(s) : SEMICONDUCTOR ENERGY LAB CO LTD 
APPL. NO. : 11-176521 [JP 99176521] 
FILED: June 23, 1999 (19990623) 

INTL CLASS: G09G-003/30; G09F-009/30; G09G-003/20; H05B-033/14 

ABSTRACT 

PROBLEM TO BE SOLVED: To provide a clear multilevel color displayable EL 
display device and an electronic device with it. 

SOLUTION: A current supplied to an EL element 110 is controlled by 
providing a resistor 109 of a resistance value higher than on-resistance of 
a current controlling TFT 108 between the current control I i ng TFT 108 
provided on a pixel 104 and the EL element 110 both provided in a pixel 
104. Then, a gradation display is performed by a time division drive system 
controlling luminescence and non-luminescence of the EL element with the 
time, and the effect due to the characteristic dispersion of the current 
controlling TFT 108 is prevented. 
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CO 0 3 3] *l/T. nft©§-tJ-77U-A©1tXT-'f 10 
>»!IH] (IL> SF1, S F2. S F3-S F(n-l). SF 
(n)lZ%fotZ>V 7.7-1 >Mm£&4Tsl. Ts2, Ts3 
-Ts(n-l). Ts(n)iST) STsl : Ts2 : Ts3 : - : 
Ts(n-l) : Ts(n) = 2' : 2' 1 : 2" : - : 2-"-" : 

[0 0 3 4] COttBT. ffi.«©llJ-77U-A-C«)ffl 
*H***a*?«n <B«K:tt*B»©X-f y^dfJHT 
FTtfBftSft) . B«MWBTFT©y-hBfi»=8f 

jg©y-hmiE (T-^ft^ic^fS-rs) tftnt>&. c 

Ot*. BBBWBTFTtfBattBKfc**^^- 20 

[0 0 3 5] CW»)f^5rntt(D-y-77U-A^Tt-*^ 
TBOSU *©tf*5 l 'f>»lin©B»lC.fcoT#H» 

©PMijWHwan*. SEox. ttjso-H*icai-r* 

t. J E-©H^&^77 U-i»T£n£W-©S9IBL6*Tl< 
fcrt> (t*tifc*ltOlJ-X5 i 'f >MM*B*l,fc*0 lc«ko 
T. *©-B*OBMl3j»Mfpan*. 

[0 0 3 6] EU:©J:5IC. 7£t^7-7MJ*7xI!E 30 
LaSBBCfcl^T. B»WBfflTFT©Kl<"f >iE 
L^7-«!:©P5lCffi^ft: (R) EL.5ft7£«*l5 
B«««C-B£Lfc±T, B*»«*H«7R*ff5j«*» 
*g^^©^S[-e$>?.. JlOBBlCfcOTFTCWt/* 
5 '7 * I C J: 5 1© n * A $ 65 <* d t ifl T * 5 . 

[0 0 3 7] 

[£93©£tt©BB] aj-f. *I^©7?f^7h 

u?x£EL&NiB©mtt«trteiai (a) ic^-r. 

01 (A) ©7?x-f 7-7hU^7sl!EL*^B«, 
*«±K:»J*attfcTF'n;:.J:oTHB«l 0 1 . iiig 40 
BOHfflKEBSnfcy-^fi^fflBBBB-l 0 2Rtf 
y-hflt«l!»@Bl 0 3««»«ift«. SC*5, x- 
*«B*fflB»l3Riy- hB^flfB»08tt£5 6 1> 

[0 0 3 8] x-*<i*tffi«Ki!j|5J& 1 0 2 «S*W(C-> 
7hl'vXyi 0 2a, 5yf (A) 10 2b, 

(B) 10 2c£-£fr. ->7 hUv7* 1 0 2afc 

\U?n«/9/V\,7. (CK) RtfX*-h/W7. (SP) 
#Aa3*l. yv9 (A) 1 0 2bCHx5;^;Uy-^ 

(Digital Data Signals) 50 
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(B) 1 0 2clCtt7->^m^ (Latch Signals) *<A*J 
3*15. 

[0 0 3 9] *B»BTttBBffl»=AaaFft*r-*B 

*a*7*y*;Mt*T*o. £fcfta£*BB£ft&QB 
EBBasriiftnoT. roj g-fctt r 1 j ©ts^^ 

*-r*r^^x-^ffl#aJ»-t©*iHB«^tA** 

[0040] mm&i o nciivhu^xttic^s©® 

tl04 A*E?<J 3*1.5. iS^ 1 0 4 ©l£A0£0 1 
(B) IC^-T. 01 (B) llfe^T. 10 51*^7? 

>^tftt'*o, y-h«^*A*-r*y-hE* 
i o 6 t?-5>mm\-h-tz>^-9&m c;-xn 

tt>H5) 1 0 7 IC&l£3nTU5. 
[00 4 1] 1 0 8ttB«EfWWfl!TFTT*0. 

■*©y-MiX-f •y9 L >yfflTFT 1 0 5©HU-f >(C 
8igZ3*l5. -tLT. «8iE»lffllfflTFT 1 0 8©KL"f 
>««t/l*l 09^LTELgf 1 1 0l=»«Stl. 
V-Xtttlt*«il 1 EL^f 1 1 

o«bbwbbtfti o 8\z&mt<ftizWim mmn 
S) t. ELB**A/T»fii=»tobTKtt£nfcBfi 
(BftlBS) it&0, Bffittj3r£©«Bl 1 2CBSK 

[0 0 4 2] fcfc. ffiin&l 0 9tt«S«ES!lffllfflTFT 1 

0 8 ©*>iafcu o fc+ac^s^jssiBSjs-rB^T 

(WISHES tBBtfBBT* Off* U». 
[0 0 4 3] X^7f>^fflTFT10 5*!#I 

(*7ttB) CfcSWr, m«t3i«fflTFT 1 0 8 
©y-h«EE2-«jf-r5fcfe(rn>x>-tM 1 3tfim-t 
5*15. C©n>T f >-9-l 1 3liX-f 7f>^fflTFT 

1 0 5©KU-f >£BBBfcftl 1 1 iic»«anTt> 
5. 

[0 0 4 4] &.±<D&?Umm&\ZA1]2tlZ : ri?*)l> 
x-^ff^tt. ^#«»Br-^«*B4@Bl 1 4(C 

ffl^Tft5tfx*«*t (Ii0Mt$8££tM§*t) £, 
•H»«ftff5fc»Of f 5'^-«'5 f -*B^K:BB-r*t* 

7^£?S£3-t!:5lHlS8T'&5. 
[0 0 4 5] *B»Ctt. »»W8llT-i'fif»SB 
Bl HCIt 1 7l/-A^nf7 h (ntt2.EU:©fi 
K) ©»«£»« LfcBBOtf 7*7 U-ACatfl-rs* 
®<h, •5-n^Bft©U-77U-A»C*5t>T7HUX»!W 

JOJHSrTsl : Ts2 : Ts3 : - : Ts(n-l) : Ts(n) = 
2° : 2" : 2 -1 :-: 2"'" : 2 ' 1 ' " " tfJ.Z& o 

[0046] COB^MMHx-^BBB^BBl 1 4 
tt. *B58W©ELBwBB©n«»C«l!»t6nTt>A 
^. *©«*. *CT»tiE*ftftf'^^*f-^«^))« 



*«»W©EL«*MicAa**i*«li*&fc*. ze> 

«£. *B891©EL**gB£^X;/U-Y£tT*r 

[0 0 4 7] B*#S'JiSgSISx-*ffi#f?£[H]?8 1 1 

4« I C^y7fc£0»T*««B©EL«*BBl::il 
K-LTfeA^. •?•<£> I C^y7T»J«3*ifc 

f^^K t UT#-r*«^«lttt. BtffflBIBT- 10 

[0 0 4 8] *fcft**»l;:tt. WrtfWHfHx-^B^a 
£018 1 1 4 * H^SB 10 4. x-^M^fflffiffillsIK 1 
0 2fttfy-hffl^««|&||]Kefcl&]-©a«±t;:TFT 
Tt.^TML55. ELSiSgfiKIidtW 

-r*TFTT»j*-r*i:£a*H*Lt,». r©a 20 
**Bi#Krt«anT*o. B*8B©*fflfl:SH* 

[0 0 4 9] &\z. *«SB91©7i'^7TMJi'Xai 
[0 0 5 0] H2K*t»T. 1 2(4~Fifc<t: 

tzzm&m («t. TwmtHS) t**. s«i it 

LT(4jg3ttt*«, ft*63(C(4;tf7X*«. 5£S«. 

fit. ffByn-tx + ©**fflBBB 
[0 0 5 1] Sit. TiffiH 1 2ttWfcWfrf 

lt(4. a* («>ij3» tstMftitftjifrititfji 

(4, AttttCBBft&BK. Bfl:aB«l«Kf4Bfttt 
fcH^ffil (S i OxNy : x. yBtttffllR. T'*2 
ft*) &£a*C»LT«#gL<ttS»*BrS£®a£ 40 

[0 0 5 2] 2 0 1 liX'T->5 1 >^fflTFT. 2 0 2(4 
«at»JffllfflTFT-eS>0. t^^fcnff^JHTFT 
TM^nxi>5. nft*JHTFT©tffM8H 

»ffB*3ft»*<*BBSBlx^>r^. *&. HU 
IffltS £Stf (I t> T F T 1M X(4 n 7 V *;H!T F T © 
##/hS<-C€r*. *©fc«>. nftWiTFTSS 
BiWWfflT FT t LTfflt»fc**<iaB**«<0*SS4«Jie 
I»*«j£<!{t4©TifS U>. 50 
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[0 0 5 3] fc£*L. *B38WC*l>T. X-fyy>f 
m T F T &Bftttttffl T F T 6 n *\ *)1>MT F T ICfg 

ITFTSHV>4Cit)?ri-e»*. 

[0 0 5 4] X-f7?>yfflTFT2 0 1lt 7-XpS 
813. KH>S«14, LDDBB1 5a~ 1 5d. 
imWMl 6S^t^MI«l 7a. 1 7b££tT 
ffittl. y-M6B«l 8, y-h«Bi 9a. 1 9b, 

%immmm$&2 o. v-xeb2 uttfcKK >e 

i2 2HLTM5M. fr*5. y-Mft»Kl8X 
I4$l£l!l!ii£$gg2 0(ig«±©£TFTI::#ilT?»-3 

[0 0 5 5] Sfc. B2tsn-f7f>ii'fflTFT2 
0 ltt$*-MMl 9 a. 1 9b*tB«ttl:»«SftT* 

o. ^fc«j>5^y;uy-h«!igt^t>T^5. gin. y 
[0 0 5 6] Hdifitt^-7B«*fi«r*± 

t?I*Tf^T*0, X-f yf>^TFTfflt7lSl 

£+#c:<s< -rna, f-tuettHi (b) k^t^x 

>m 1 2lc&g&gS£/h£<T*C£#Ti*-5 < , BP 
5. 3>x>+H 1 2 0*#B«*/h$<r-5^i:*it? 
**©T. T;^y-hBjftfr*rtf4ELB^ i o 

[0 0 5 7] ^€.13, X-f 7f>yfflTFT2 0 1 ICS 
t^T(4. LDD«*1 5a~ 1 5d(4. f- hfefclt 1 8 
S^lxTy-hBBl 7a. 1 7bt«<t6ftl»J;5C» 

M65T*5. Sfc, LDDSi 1 5a~ 1 5d©g£ 
(41) (40. 5-3. 5 um. ft*WK:(4 2. 0~2. 

5 wmt-rn«si/». 

[0 0 5 8] ftfc. ft$;HM8iLDD®«tco 
S;i£(4*7t|^£T(fS±T-2<ilC$?£L(,>„ 

[0 0 5 9] «8g*(IWfflTFT2 0 2(4. 7-X 

182 6. HK>ffi«2 7, LDDI82 8RIj:ft 

*;ng«««2 9*^t»stti. y-h«6SMi8. y 

-FBS3 0. ^lBP B 1*fi»lg2 0. V-XEi^3lM 

^iwKK>E«i3 2*#urjgfie$n-5. fit. 02 

©«^»4KU'f>fi«2 7i h*K>E^3 2<t©^lC 
[0 0 6 0] }Stni*3 3(40 1 ( B ) CDffifttt 1 0 9 \Z 
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i**«ttK«irr*fc©©K*§£**tt»« (ku-t 

CT««at©]fflIfflTFT2 0 2©ettl$ffig$-ttTI^ 
TFT<t^t#3 3<t*««WC»«LTt»*3S». 1^ 

[0 0 6 1] 5 5T*£n*l$BI(4ig#E#3 3£ 

T. T£0. ^dT'«y-K^ffi3 0 

£H«rl=»JdEan*. 02©«S. 7X^15 5(47- 10 

h«® 3 o im-#WT?&aww£at*swcm£2F 

[0 0 6 2] H2©*jid:r4«^. S*r[<*3 3(4LD 
D««2 8tH-Jfiiao^tt*««T*lSS*l*. 

Ttt4teStt Utt»Xtt&¥*fM?*l*-*-« C i *> W 
tt8t*©M»#B*l;:&*©T. **** 

[0 0 6 3] ft*3, ±E©«fc3K:ttSt#3 3<£iMMMI 
T»l«-r*«^, EL*?*»658Lfc**»^t#cafc 20 
4i«ttl*««ftt5lir«tt*«*4. SEoT. 0 2 Od; 

[0 0 6 4] *fc, 01 (B) lC^-r<k-5(C. X-f-y? 
>yfflTFT©HK >«m«t^Iffllffl T F T©y- h (C 
SM*S*VO»*. ft{*:Wltfi«Sit*!lfflIfflTFT2 0 2© 
y-htl30liX-f7f>^fflTFT2 0 1OHK 
>Ml44HH>Ei (&WmUt^^Z>) 22 
S^LT^WfC^^tlT^S. y-h««3 30 

«ifiT*oTt>ftV>. V-XEi3 1(401 

(B) ©«£(#&* 1 i oc««sn*. 

[0 0 6 5] *jSW»fflTFT2 0 2(4EL* : firttA 
SttS«***«fp-f*fc«>©X : fT*»). J±&W£< 

©««a**n*. -tot*. r**)vm (w) ttx-r? 

?->* r fflTFT©9 1 i'*^«J:0t>*#<RW-r*it 
WSL^. f»IifflTF T 2 0 2 ICJ|*J&« 

«**«Eti35ci,»j:-5t:. <L> ttftwKKM-r 

S^tWSLU. S$L<l4-ii**fcO 0. 5-2 40 
UA (#£L<(4l~l. 5mA) i6Si5i:t4. 
[0 0 6 6] «±©Ct$BSxS<!:. 09lC^f<fc^ 
CX-f 7f>^fflTFTOft^g*L 1 (ILL1 
= Lla+Llb) . ft*AftWl4U ttttM&ffi 
TFTfflft^ML2, ?**JMI*W2&Lfc 

W1I40. 1-5 am (ftSWKte 1 ~3 am) . W 
2140. 5~3 0 am (ft«MtC»42 ~ 1 0 am) if-S 
©*<8F$bV>. L1IJ0. 2~18«oi 

C:(42~ 1 5 am) . L 2(40. 1 ~ 5 0 um (K%mz 
(4 1-2 Oam) t-T5©*tSfSLt». fflU UU:©» 50 
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ttcR£-r*&sii&t>. H9UK*s*ifcL3 

(4ffigt»©^S. W3(4fift(*©i|@-e&So 
[0 0 6 7] Sfc. 0 2lC^LfcELg5SSEI4. ffiSfE 
tWfflTFT2 0 2l:*l>T. h'K/S«2 7tft 
*;i^6£m*£2 9 tWMlCLDD®^ 8 # IS: (*£*!. 
fl^>, LDDUS2 8«*y-hlfeWil 8^Liy- 

[0068] mmmmmTFT 2 o 214. el^2o 

Sfc, H&£3E*T£t&(4. SsS$ilffllfflTFT 
2 0 2S*7«il: LT*5<*<. *©R. ^7Saf^igi 

[0 0 6 9] *y h**U7aAlC.fc<&*fl:l;:HLT 
(4. f- h*«IC»LTLDDffl*#X&ofc*Jfia«# 

LDD«*^#SfifaTL*5t*7«»«**lniLTU 

a6«t^LDD««*iW>JC»tt*tt»5>f*/i«ifilC 
«fcoT. *y h**'J7»S£tf7**»*iSHP*fc 

[0 0 7 0] C©KJ, y-h«ffitCll^fDfeLDD®« 
©g£(40. l~3am ($?£L<(40. 3-1. 5a 
m) iC-ftltf&U. g-ftrT(4^£&fi£*i*< LTL 

&oTLS5. y-h«jSC:«&£&^LDDfil 
«©fiSttl. 0-3. 5am (ffSKHl. 5- 

2. oam) icTfttffiu. &irgzt-\-ftts.tm j &m 
ft*. 

[0 0 7 1] g-fc, ±E«jfiC*t»ry-h«atLD 
D t tfimtt o fc*«T»4*****«»« * nils 
otzab. y-X!S«2 6 t^v*;i/JgfiKm«2 9ifflf»1 
KttKW-&H**«ff * U>. «SEM«ffflT FTH+t »J 
7 (CCT(4« : f) ©SfEft4*lfiI**1ifCH-T»*© 
T*. KU-f >ja«ffl©*lCLDD««*l9:JtT*S»tf+ 

[0 0 7 2] 86L5*«at***<-r4t^5B 
*>61,n(4. €ffiOTJ8TFT2 0 2©«ttJI 

?**)i'Bi$.ffi.m <Dmm&m<-t2> ($f£L<(4so 

-lOOnm. $blC»SL<«6 0-8 0 nm) d<h 
t>##lT$>3„ a»C. X-f7f>^TFT2 0 1Oi 

m miz?>r*)\,MtfL®m <Dmm£m<?z 

<(42 0~50nm. S "E>(C»S L< (i2 5 - 4 0 n 
m) ^tfc^T^-So 
[0 0 7 3] tt±(4B^filCt£(tbft£TFT©«?jglC: 
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S. 0 2Kteffitfr@K£J§*firf*g*m&i&*CMO 

[0 0 7 4] 02 C*l»Ttta*»f^a**«tStt^ 
J:3Cl/3?*? K + 'J 7&A£<£fl££-t£'5$ie£ : £ 
f £TFT£CMOS[Elg&<7)n?Y*;USJTFT2 0 4 

i ir^ufcx-^fi^KSiisigs io2. y- bmnmwi 

A/Dn>A*-*. m^fJlHlK^) Sr^fig-rsd 

it>we»«. io 

[0 0 7 5] n^Y*JH!2 0 5©i§ttJBtt, 7-XfH 
«3 5. KU"f>®«36. LDDI«3 7R»ft* 
*»*««3 8***. LDD«*3 7tt**-Mft*Bt 

1 8£#LTy-h««3 9 &a&?Tfr>«. 

[0 0 7 6] KK>®«fiiJ©*lCLDD««$JgfigU 

Sfc, C©nftWlTFT2 0 5 tt^"7«»!t«S^* 

*o *n.to l, 

fct, LDDSS3 7«^±cy-h« 

«ca*iTL*^. «atttt*#£*fc <•*-*;: tats 20 

SLK BP'S. l^W^7t7Mi>i<Uc5AU 

[0 0 7 7] CMOS@K©p?-V*;H!TFT 

2 0 5 14, *y h*+'J7ttAK:J:*S&fl:a**£«l::& 
e>&^©T. tt£LDD«*£Stttt<Tt>A». 
TffittIH7-XS84 0. Kl^f >ffi#4 1 Stf^* 

*;hms»i«4 2 ■eo±cf4**-ne»Bii 8 

FT2 0 4&nttCLDD«*ettlt. *7h*t'J7 

MS^^usctfcpj^-ea&s. 30 

[0 0 7 8] nft*^STFT2 0 4Rtfp9 1 

+ f t 2 o 5 i JimiKftK 2 0 c 

■tetl. V-XEI84 4. 4 5^MStl5. g-fc, F 

[0 0 7 9] ^(C. 4 71^1/t.y^-xa/lt* 
0 . &JS14 1 0 n m~ 1 u m L < (4 2 0 0 ~ 5 0 
Onm) £*n«An. WiUli 3j|?££tr*&<i 

ffl^*Ct*<T€?6. CO/VrX-xa >&4 7 I4J£ 

i«aE*ifcTFT*7;p*»j4«'*'*#^6««-r*aii 40 

*t>"3. «*WCTFTO±*K:K»t6n*EL«l:tt 
^MJ^A^WTJl^U&ll^StlT^*. IP*.. SS 
l/tyy^-ya >Bt4 7 lZZft$<D7)Ut> U&JB (bI 
fH*» *TFT«l:gAS*&l»«MiLTt)i 

[0 0 8 0] g-fc, 4 8ttS2JHHHfcgUKT<&0. TF 

««**■«-*. £2iBffle*fit4 s tvr\t. ^mmm 

IWSK, #'MSF. #'J7SF. 7*'JJk B 
CB 7 CtlZ 50 
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0*«»isitttAff&¥fiffi*»fi8L*-r<, itmmm 

CtA'ISLK ftoT. BIJPi40. 5-5 win (»* 
L<(41. 5~2. 5/im) W$Ll>. 
[0 0 8 1] 4 9{4SW«eKT*SH3R«8l 

(ELSf^Ofi&S) m2@P B 1«eSK4 8StJtm 

l/t r >'!->3>l4 7IC3>^57 h*-;U (Bfl?L) 
£BBttfc&. JBdiSnfcHJLWlCiJ^T^SIIWIPfflTF 
T2 0 >E«3 2C»«Sft*J:5IC»j«a 

ftS. H2 0J;-5tcii3ff«ffi4 9<i:HU'f >ffi*£ 

2 7 t*»ilttttl«Sn«t^J:5lcLT*<t. ELU© 

[0 0 8 2] asms 4 9©±ictt»{ba*BI. S<bS! 

t»iw«»BBtTa*» 3 hmjuhr so ha 

0. 3~1 nmOJPSlcRttSn*. C<0jg3JBWie» 
K5 0ttH**S4 9O±CXy?->yi:J:0IBD»«* 
Ktt£ft. ■€-©B8P»©»{47 L -A-}gtti:ttS«fc-5l: 
I'yf>n5. x-/X-©AflEttl 0~6 0 s (ff* 
K143 0~5 0° ) ttZ>t&<,\ 

[0 0 8 3] IB 3 MnOlftlftK 5 0©±IC(4EL15 1 *>< 
ISttenS. EL@5 li2¥ffXtt«fftt&-?fflfr>&il 

(4Ii$«®±KIE?U£AII/IE?lJii£JI/'£ftJi,/mi i 

tt&S. S^ttmffiAIB/iESFLIftaiB/BJfcl/^ 
^i£l/m^aAII©J:-3&$iiT' ; fe&^. #gI?gHJlT 
(4£&©^-ftt©«Sig£fflUTt>&^U ELJflCttL 

[0 0 8 4] #«ELttt4£LTtt. HAtf. £tT©* 

#5. *B#lfSg4. 3 5 6. 4 2 9*1. #B#ffF?g 
4. 5 3 9, 5 0 7*1. *H#W^4, 7 2 0. 4 3 
2*f. ^BftffFSM, 7 6 9. 2 9 2f, ^H^W 
H4. 8 8 5. 2 11*1. *H^tfm4. 9 5 0. 9 
5 0^, *@»WFlg5. 0 5 9, 8 6 1 ^. 
ffF^5, 0 4 7, 6 8 7f. *S1#Wm5. 0 7 3. 
4 4 6*1. #HftfF!g5, 0 5 9, 8 6 2*1. 
^WF^5, 0 6 1. 6 17*1. jKBWrffFS5. 15 

1. 6 2 9*1. *@#!FliS5. 294, 869 *f. * 
Wm%%, 2 9 4, 8 7 0*f. ftffl¥-l 0- 1 8 9 5 
2 5*t&«. 1#MiF8 -2 4 1 0 4 8*fiii(. #P8¥8 
- 7 8 1 5 9*fiiffi„ 

[0 0 8 5] &*5. EL*S*ltCf4**<#ltTBg-D 
O*5-fl:*w***»*0. R (*) G (&) B (#) 



( 9 

15 

fiXttWJWS*© EL ****** (tt^ttOfiKift 
■ :CCM) fc*a**fc*fcj!F5C. &® (MAW 
KS9?tt® fcffiffl LT R G B iCttfc L£ E L iii? £S*a 

[0 0 8 6] 0 2©$j|«RGBKtt£Lfc=«S©E 

n. cn»CJ:0*9-««*ff5c:4:*«T#ft. 10 
[0 0 8 7] *«*Wtt*Jt*aKMto6r**r*i 

[0 0 8 8] ELI5 1 ©ilCttELSH'CBffiS 2# 
ttttSn*. feffi 5 2 £: LTte. tt*IM(c©/hSlv?4f 
*->7A (Mg) . U^7A (L i) ^L<tt*;Pv"7 20 
A (Ca) e&trittt*JBfr>«. #*L-<ttMgAg 

(MgiAgSMg:Ag=10 : 1 Tig^L-fcttft) 
t&51ffi$fflt,iW^^. ftUICfcMgAgA 1 ttH, 

l i a i ««, tfc, l i f a i maamttfsn*. 

[0 0 8 9] 2IJELI5 1 £J&fi&Lfc&, 

ELSS^tH?^. 30 
[0 0 9 0] ELI5 l£|fc«5 2&?&SflMMM2. 

M*TflHfi:9rt-r«es39«ft«ia«. elis i«* 

[0 0 9 1] fcfc, ELl^S^WlC^fig-rSTjffiiU 

[0 0 9 2] 5 3liffiSttffiT^0. i!52$ 

5l«0*#«*»6«S|-r*tRI^C, &H3i©lgffi5 2 

7*3=*A (Al) . I (Cu) £L<tt« (Ag) 

*«5 3fi:t2ELH«!}«|ft«imr«ttlRmJKt>ff»-r 
#*. 1GELI5 1. 2£Jg|$Lfc«. 
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[0 0 9 3] 5 4BS2/t7->^->3>It* 

0. KJPtel 0nm~U« ($?£L-<I12 0 0-5 0 
Onm) fttlKAK. %2>\y £"^-->3 >gg5 4 £ 

$!tt£SMfi. EL15 1 **#a*s«irr*iw*t± 

»*UttWU>6 1 2 0t:ST<DSgieffl) TiSgg 
-r*©^a$L^. ftoT. 7*7X'7CVDft, 

&m, «2^«ffe. -f*>7'u-T-^>yttxtt»*a 

[0 0 9 4] 02(C0^$nfcTFT«^:T, * 

[0 0 9 5] *Hg91©±&li. TFT©fiH4JI<t:LT 

«KBT* * # 'J -> U 3 >& £ ffl t > 5 d t T* V^idtPifS 
£*TTFT£Ji$fj!tU -?-niC«kOKiilHlK-*S!©7 
Jf^Th'J ^7 HE L*»SeBfl9l*»MMH«««t 

«Bo«ijftciB)ean*'boTtta<. 0 2©*iigi;i* 

[0 0 9 6] ±E#U*>>j3>KSflil»fcTFTtt. iS 

^m^mm^mr^mz^y h*vU7aA&<b*©$&fl: 

fcecOWi. ^<Dfzib. 0 2 ©±51::. iSiStrtl;:** 
^T«IBClSi;T«|jBOfta*TFT (*7ttcSt©+# 
CttHTW yf>^fflTFTt, *yh + -v'J7aAC 
»^««IW»fflTFT) Mt>AMtt 

to EL«*««*fp«r*±-r*iifK:#aiT»*. 

[0 0 9 7] CHltMl] **«0*lS«l:oif»TB5 

c^nxst?!-* *. fib, iftBj^ffl^ici-^fc^ic, e 

[0 0 9 8] *r. 0 5 (A) iZfUt&olZ. TUSH? 

(H*«r) sssiicisNtifcsss o i ifflit-r*. * 

*SSfisjTi4*gSfb^57±lcTflfiKi:LTl OOnmJP 

omitmitmmmz 2 0 0 nmjpwsik&fkJiasiBi** 

fMLTNt>«. d©B#. »ftft*?^»filC»r«* 
(Og^jg*^ 1 0~2 5wt %tbXH<t&^K 9) 

[0 0 9 9] ^ICS«5 0 1 ©±(C4 5 nm<0J5£C07 

=e;P7 r 7 x u 3 >k 5 0 2 *4i»ort«j* , r»jar 
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[0 10 0] CCA»b@5 (C) $TOIg(i*aiSA 
\Z&Zftffl¥-l 0-2 4 7 7 3 5 *f 4i$8£5S£lZ?lfflT 

[0 10 1] SI*. INICI8B5 0 3a. 5 0 3b£*rf5& 
mm 5 0 4£J&fitr5. *HIS0tJT{il 5 0 nmJP©& 
ftfliJWBSJBHS. ^UT, &SSBS5 0 40±iZZ¥> 10 
n-hffi(c,t0n-y^;u (N i ) SSWrsi <Ni£ 
#S) 5 0 5 £J&fi£T£. CON i £*rg©J0j£lCML 

Ttt. f»ea«siNtc-r*i«ftn. 

[0 10 2] fcc. 05 (B) l:STJ:5i:. *7§ttg 
fflm*T5 7 0"C 1 4^rWOllDj»fflSS:UDA, 7^7 
7*->'J=i>$5 0 2 £*S l SI{fc-t-S. CCOfS. Nltfft 
(filT. N i MMKRfcfr>9) 5 0 6a. 5 0 

sis o 7*tMsns. co^tc*j<r>T. asanas? 20 

^XKttBl 2 (A) CTKLfccfcSfr (110) ElSllC 
[0 10 3] friz, 05 (C) KSrT «?fffit5 

0 5^oiS7x?titi sheer* z>7tm 

lXtt'J» £N igsJnfg*£5 0 6a. 5 0 6bERfcrT 

>asaoffl«£t^3) 5 0 8a, 5 0 8b*<}gfi£$ns. 
[0 10 4] JfcK, 0 5 (C) KifcT.fc'SE. *?§ftf? 

Ba+Teoo-ci 2«rWonn»«ia6tDA*. c<d& 

fflan«i:0jS'J-> l J3>K5 0 7rpE?¥£-t3N i ttg! 30 
id b . ftRttE lift f^r^ BWwT J: 5 E 'J >RlnR 

^5 0 8a. 5 0 8MZffi®t<nTL3i?. C*lttU>E 
iS^ISTt;^ <*R»flTttN i ) <Dyy9V>9tom 
\Z& 5 6 

[0 10 5] :L0I8E«fc0jtf'J ->U3>R5 0 9+E 

i ©jg&lis i ms (KRr&'f E«fc 

5 MtttT^ft < 1 1> 2 x l 0 ' 1 a t oms/cm' \Z £ T{£& 

sn-s. n i \t*mmzt-ox?-i ?*-f &*7-n& 

;r©gft£TfiM£ft-6£TFTfttti::tt<6jsJB 
«#s#A*ct»4at». co»mi»£Stto 40 

S IMS»«fO«ifelB*T»a©T?. RRCttSSCft 
fr>Stt (2 x 1 0" atoms/cm' BIT) T*4 tZZ <bft 
S. 

[0106] c5bTiM»*JBb»fcii«fl:sn. J.-3. 

'J->'j3>R5 0 9O*fiffll>ftiSfii5 1 0~ 

5 i 3S/^-r>^iSi:.t0Mti. 

us 1 3<D-mmiz&tt#tti.z¥mt*iB : b%£t\ 

3. St. CCDBt, ^©/t^-->^IC*3^TVX^^- 50 



V>T*«-r*tftt». (05 (D) ) 
[0 10 7] &E. 05 (E) E*f«fc"5E. 5 0 nm 

R©g{bR{ti'U3>R£:7*5XvcvDftEJ;0J&i« 

U *-©±TK{fc2?HM c t 3 T9 5 0"C mSffiwan&fflg 

[0 10 8] £©JR«fcieTttftttR£±ESfl:»{t 
•>U3>KtO#iBT?aft*«JtfTU. *t)15nmJP©# 
U -> U 3 >R#&<fc$ftT*-J 3 0 n mJP©&{fc-> U 3 > 
fll««»l**n*. 3 0 nmJPOttft5/'j3>Btt 

5 0 nmR©RfcR{fc'>U3>R#RR;£nT&*8 0 
nmJP©y-hl«Ml5 1 4*»»(S$n«. ?£tt 
§510-51 3©RJPttC©JI!W{fcieE.fcoT3 0 

[0 10 9] *C. 06 (A) E*-fJ;?E. 1/yXh 
5 1 5£»RU y-Hft»K5 1 4^LTp 
a*##f*^tt«7C* («T, pIWRttJERi:^ 
5) pS!^**7c#il/rtt. 
1 3RCRT*5c*, AS!»CttJl?n>3:fctt#'J>7A 

liT F T© UliE* M»t4t»Ol8 
[0 1 10] ftfc. *HiS«aJT*14->*^7> (B,H.) £ 

>f-/3>ssii>tfcAi>. cwieicto i x i 

0 ,s ~l x l 0' ■atoms/cm' (ftRWEtt5X 10"- 
5X10" atoms/cm' ) ©Mt?*D >££tr**E«>R 

JS516-51 8*»»B6Sn«. 
[0 111] #E. 06 (B) EskT^SE, 1/vXh 

VX?5 19a, 5 1 9b^^fi£L-. y- MftRR 5 1 4 

tt. ftRttCttl SRER-TStcR, A^M(Cf4'J>X 

X7-f> (PH.) ZmmttMLU^T-zfyX-im&L 
fc^7X7H-lf>ys$ln, U>€rix 1 0' "atom 

[0 112] C©l8lc«t0^fiK$n5nl!^iS6«)ffi« 
5 2 0. 5 2 1ll«, nffl^tt«3c**<2 X 1 0"~5 
X 1 0" atoms/cm' (tt^tfjKti 5 X 1 0"~5X 1 0 
1 ' atoms/cm' ) ©iggT££tl£ J: o \Z K-X«&H» 

[0113] 06 (o ii^fct^ic. mmzti 
fcni!Ttt«7c*ar;pS!^tt«7c*©iSttftistff 

5 1 4**&tt£ftTl>3©T«&Jtp£fflt>fc:77-*;* 
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7--)\>mmMt£L<,K 0 6 (A) ©IgTf 

*'c<»t»aflE-«ipj»»a*fT5ct*«a*Li'». 
[oii4] *&mmom&\z\mm&<D&^%$,<tti 

574fflHTt>40T. SttftIS*8 0 OlcmBBO 

[0 1 1 5] £©l8£J:0ng*tttt»«5 2 0. 5 10 
2 1©iS3B. IP'S. nS!^te«l®«5 2 0, 5 2 1 ©i 

6 (a) oii-?»«antpfiT«*fi«) tcts 
SB (ft^ffi) 3&«w*ic&*. :ortn ftCTFT** 

&«t**cAff&ttfttt£*j* l 5 « c t *«*r «. 

[ 0 1 1 6 ] 200~400n mj?©it«&£15 

fi£U /^-r>i/Lty-hfg5 2 2-5 2 5K.tf 

©y-K«8l5 2 2~5 2 5©^<fi!Cj;-3TSTFTO 20 
[0 117] 46, y-h«ffitt*JiO««)KT}B«L 

(Ta) . 9-*> (Ti) . tU^r> (Mo) . 
^7.x> (W) . if DA (C r) . ->"jn> (Si) 

at. mtm>m) . *fc«ME7c^*ja*^to-B-fc^ 

(ftSWKttMo-W"^, Mo-TaS4) . * 
fcttWIBTC^Wx'J-tt'f KM (tt«Wtc»;t*>yXT> 
S'UU-'f KM. ?^>->UtJ--f HK) Sffll>5Ci)5«T 

[0 118] *3lig0tJT-(i, 5 0 nmm<nmt5>>77. 
X> (WN) ttt, 3 5 0 nmJPW^>^7.x> (W) 

ftfcttti^. x/t 7 ^i/xtLT*t;> (x 

e) . *:*> (Ne) «©*iStt#*&S5iirr*iIt:a 40 
[0 119] SfcHOIS. y-ht!5 2 3. 5 2 5li 

-e-n-en n gTOE««tt 520. 521 o-mtf- v 

-5. &i>. y- t-W$5 2 4a. 5 2 4b«K®T-«~^ 

[0120] -At. 07 (a) tc*-r«t^it. 

15 2 2-5 2 5RtfTX7ffit5 2 6^7X5tLTg 



(11) ^12 0 0 1 - 5 4 2 6 
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T4. w5LT««$n-55F««»®«5 2 7-5 3 3IC 
«ni!7ffi«jlfll«5 2 0. 5 2 1 01/2-1/10 
(f^SWII«l/3~l/4) ©jg&TU >*^ira$n 
SJc^lCSSflTtS. ftttWlCte. IX 10" -5X10 
"atoms/cm 1 (A^WlCli3 x 1 0"~3 x l 0"atonis 
/cm*) 

[0 12 1] ^IC. 07 (B) K 7K"f «fc 5 y-Km 
®S?£ffi5^TU->'3. hVXi/ 5 3 4a~5 3 4d£JBfi£ 
U ng*«*5c* (*3lJSfireii'J » £3siraLT& 
■KK 'J >*£tr*tt*!l»« 5 3 5-5 4 2 ZKtfLt 
3. ::Tt>7*X7-f> (PH.) SrffltJfc'f^>K 

-7*^-?^^. :oa«s©u>o8«Bixio"~i 

x l 0" atoms/cm 1 (f^S6«jlC«2x 1 0"~5x l 0 
"atoms/cm') tt&Z> «fc o IHSffiTS. 
[0 12 2] CCDI@(Cj;oTn?V^;i/STFT©y 

f>^«TFTH 07 (A) ©iSTJ&fi&Lfcnffi* 
m>WL& 5 3 0 - 5 3 2 ^©SlSft*:® 
0 2fC*5lj--57-f 7f>^fflTFT©LDDSg 
1 5a-l 5dlC*tJS-r-5. 

[0 12 3] *(::, 0 7 (C) II^-Ti^lC. VVTs V 
VX^ 5 34a~5 3 4c£^iL, SrfclCUvX hVX 
7 5 4 3 -f-LT. p 97ffi1fc5c* (**SS 

6I&5 4 4, 5 4 5$^B£-TS. £ > (B 

,H.) ftfflfr»fc'f*>H-^ffilCJ:0 3X l 0"~3X 
1 0"atoms/cln , (ttSMKfi 5 X 1 0"~1 X 1 0"a 
toms/cm'/) SS.i&3<fc'5l;:#n>£8sJ!int"-5. 
[0 1 2 4] &£. *&fjjiIJgt5 4 4. 5 4 5IC«KIC 
1 x l 0"~1 x l 0" atoms/cm' ©»an?U >JWSiO 
$tlT^-5*i, Ci;:T^fl0£ft-5#n>te-?-©4>&<£: 
fc3ft^±OiSST^}lD^n-5„ -?•©£«>. ^ftM&Z 

[0 12 5l5fcC 0 7 (D) IC^T«fc-5lC. 

VX^ 5 4 3^iiLtt. K 1 vnifiiut 5 4 6 e« 
/ST*- «ljeMI6»R5 4 6 tLT(i. 3£3i££tr*fe 

ffll»ntfA(r>. ^)P(i4 0 0 nm~l . 5 ymi: 

tntt^. *HM0iJT-«. 2 0 0 nm^O^fb^fka 

^n<7)±(c8 o o n mmomimssmzmsLtzmmt 

[0 12 6] -E-cDft. ^-n^*n©)gST*^Jn$llfcnS 

»jpc*i^Ta**Ha+. 5 5ot, 4P?fp B i©^j!ag 

[0 12 7] £<~>II. 3-1 0 0XO**tdtr*B» 
4>T. 3 0 0-4 5 0tTl~l 2BiWl<DimWZVH>* 
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[0128] *^ftfflS«m 1 If WlgJafiS 546 

%]&!$.tzmzAtlTb&^. IPS. 2 0 0 nmJP©S 

frt». *©»T»0 8 0 0 nmJPOKfl:asWIH6»*U 

[0 12 9] *K. 0 8 (A) \Z7jk?£?\Z> ft IBM 
ttHK5 4 6fcl3»LT3>** V- 10 

4 7~5 5 0i:. H l"i >E«I5 5 1 ~ 5 5 3 

&u. ***«iTtt;i©*«*, tibis 

lOOnra, T i £-£tT7.U'5r: | 7ABt£3 0 Onm. 
T ill 5 0 nm**/ty*ftT»K*jSLfc31«i6 
aftJM£-r«. gift. «©WiBtTt>an. 
[0 13 0] Sfcfc, 5 0~5 0 0 nm (R&ff3\Z\t2 0 
0~3 0 0 nm) ©JP£Tft 1 l\y ->^-->3 >fi£5 5 

4 £®err*. *&K0!l?ttft 1 Ay 

5 4tLT3 0 0 nmJP©g<fc&fc->U3>fflt£ffl^ 

[0 13 1] £©«r, g{fcS?<kx'j3>K©}gBKlC^2 

*ft^ftiin«e«it5 4 6i:iK«$ti. ^s^fT^ 

C<hT. 1 1 / Vr>^-> 3 >I 5 5 4 ®IS*^i * 
ft*. *tltW«*fc. ftlflMI6«K5 4 6lrffAldn 

[0 13 2] Sfcfc. 08 (B) C«TJ:5C. #«8&fig 
ft>6&«ft2JimfHU)t5 5 5 30 
LTttaPU-fSH. 7?'J;k BCB K^/v^DX 
x» 5ettJ8T*c:i:a*T**. ft21Mjg& 
fit 5 5 5»4TFT39t»fi8-r*aiS*¥Sft-r*j&fi*** 

[0 13 3] &\Z, ft2flMttftfit5 5 5, ftl/ty> 
'<-5'3>B5 54l:HK>fii5 5 3l:I«3> 
h#-;H£»iaU Hj&mffi (US) 5 5 6£^fiE 
I"*. fgaMTMBfltf • XX ( I TO) fit 

£1 1 0 nm©££CJBJ5fcU /t*-n>£f£fTT3TH 40 

fbMffi (ZnO) *«^UfcaW»«H*ffl^T , bA 

[0 13 4] *K. afite&trtUHl (*£tt0ra2K 
fl&ftfit) «5 0 0 nm©JPSC»l«U 1^115 5 

6 fc8J6T*tt«CMn»«»l«LT» 3 IP^SI 5 

H £ *<T£ £ . W □ S&©fflJg*<+# left fc* *>T& t> <t 
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[0 1 3 53 ^IC. ELS 5 5 8Rtf|gfi (MgAgi 

is) 5 5 9$. u&mi§&>£:m^T±fs.mtiiLu^-em 

ffimf&?Zo fcfc. ELI5 5 8©B?JSfi8 0 0~2 
0 0 nm (ASJWlClil 0 0-1 2 0 nm) . fg&5 5 
9©JP£tel 8 0~3 0 0 nm (&$>m\Z\t2 0 0~2 
5 0 nm) tttlitSk^. 

[0 13 6] JIOlSTtt. *ftK»lS-r*Bft. <Sfe 

Bit ic 2. L- n fc » 7 * h 'J y if 7 7 j ftjfj £ ffl i> 1* ic & 
fefi#J(;:»j£U&<Tttft'&fc^. -e-ciT;*:*'^-?;*.* 

[0 13 7] BPS. iraSftCSfcTSIiafimS^T 
liT?X^$t7 HL. ^©VXi'Srffl^TgfcfefgTfc© 
EL«jRtfHEfllSa«fi9C*jS-r4. »ftC# 

^sfflt»TiaftiE)t©EL)iatfl86tt*a«wc»i«-r 

[0138] &&. E L 1 5 5 8 t UTttiMOOttft* 

axi. sEnmmm. *3watflifaAiTa6 4i 

«a*ELJItr*ltfAt>. *SliSfisJT'(4EL^ 
J P©&ffi£bTMgAg«ffi£fflt>fc0iJ£7i*T;&<, ^» 
©flU©«»T*t>TfcfiU. 
[0 13 9] ifc, ffi^mffi5 6 0 tLT(i7JP5z:>5 
ix**ric»fr4*«fit*ffl^*ltfll^. «fg[mffi5 6 
0 tt E L S&tf&S LfcBS t imtz S V X * 

nTJisjiiattrjfirifrtitfj*^. elim 

[0 14 0] ftftC. Jifl:«*«T?tt*»2Ay->^- 
•>a >8I5 6.1 Sr3 0 0 nm©ff$lC^B£T5. HISIC 

*fc-T*». $"?»lCft2/t<>x^-^3>fi|5 6 l*JBfi£ 

[0 14 1] Z. o LTE 8 (C) (C*-r«t5&«jg©7 
f ^7 h U E L iSggi^fSTS. 
mmz\t, 0 8 (C) ST-^fi)cLfc^». $f.lC^miC^ 

y^;UA. 9B^««fl:iitre7-<;PA«) ^-tr^s-y^x 
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SBv— 'J >ifl3>t& £ ©A S ->* > i/tiX/i y'r-'J>if 
(fcfA) T4Ci*««F*U>. fOl. A5y>^® 
l*i««*Btt»B«i::LfcO. AffiCgatttm (WA 
tfBflSAUSA) «rS2B-ri.C<!:TEL^©<i«tt (* 

[0 142] /^ydr-s;>y«OfflaK:«k0ft« 

*h * n/i jsst- t a-aa^a? t * &m? & fc * © n * 

(7U*->y;py>J>MJ— *y h : FPC) * 
M<OtfVTMS' a tLT%f&TZ>. £©J: 10 
aBCrvisfcELaattBftMMB>f l TI2EL«$' 

[0 14 3] CCT***«©7^r^^ThUirxa[ 
ELS*gg©#Sj&&Bl 1 OftttBtJHtiTKHT 
5. **tt«©72y*7*VMJ2*S!EL«jNiB 
tt. #77.*«6 0 l±(C^fiE$nfc, BS18B6 0 2 
fc, y- haBMBB6 0 3 t. y-^ffBMBH6 0 
4TM8s£Sft5. Ii3S!g&©X'f -;/x>yfflTFT6 0 5 
linftMITFTTabD, y-MWB»H»6 0 3 
Ctt«Snfc^-hE«6 0 6. y-^MBMB»6 0 20 
4fcaaS*lfc7-7.EB6 0 7«J3?,Sl:EE3ntU 
5. Sit, 7-f7f>yfflTFT6 0 5OHH>Bl 
a*llBffiTFT6 0 8©y-hlC88l$nT^-5. 

[0 14 4] SSIC, mSt$0ffllfflTFT6 0 6©7-X 
attBBa£a6 0 9C&tt3ns. 5 fc 

BifiTtt, B£B£a6 0 9Ciiaaa& (7-xm 

tfc) #4*.SftT^5„ £fc. «8l«!lWfflTFT6 0 8 
OHH >ICliffi^6 1 0^LTELSf6 1 1 # 
aaStlT^S. ;©EL^6 1 1©#7-K 

Ctef?r£©mE (**i6««JT«l 0~1 2 V) mo*.* 30 

ns. 

[0 14 5] *LT, nSBAtii*«^i/«£-5FPC6 1 

2 KttB»BB*TB**e»T*fc»©Attiaea 

(ttME«) 6 13, 614. RtfnW&1fe& 6 0 9 IZ 

aasn&Atti2jEB6 i 5*»»Jt&nrt»*. 

[0 146] SSK, A<7i'>j'a£'ba«fc*aBfl 
OELti?a-JH:-3V»THl 2 (A) . (B) £ffll> 
TaB**. eSCJKUTHl lTJBUftWt 

[0147] SIS 1 2 0 0 iCBIM 1201.x- 40 

^aaaanaa 1202. y- ha^aaiiBB 1 2 
0 3jw&j££ttT^*. •en-€ f *i©B»isiBa>s©«-8 

Eat*. AtB*E«S6 13-6 1 5£igTFPC6 1 2 

[0 14 8] :otm<ifci*8. #£L<tilK 
»0BR^«*»6HtrJ:5CLTA9s;>^*f 1 2 0 
4£&tfS. /\Qi?>#ttl 2 0 4ttEL3gf«) 

gglPJl 2 0 5I3J;oT. Ml 2 0 0ift 
ftLT®m£N\ZMfcTZ>£o\ZLTm& 1 2 0 OICB 50 



ii. A7x>^lf 1 2 0 4tt«»BttT<b«fcfcl». 
[0 14 9] *&. A^->'>if*f 1 2 0 4©«f?(i:#7 
7.. #'J-7-<f©tt»tt«H*»flP*L^. WAtf. #A 
H#77 MttMt*?*. 5^) . Bffifc#5X. 

*u>*a», #'j#-#*-h&8ti&. x#*->*» 

B*> . yUzi->aBBa*B»fS*i*. *fc. t7i 
yfXSffiHTfefiK SBfiiJl 2 0 Stfftfttt 

[0 15 0] Sfc. ftg^Jl 2 0 5©ttBtt. Xtf*x 
*BB. 7j"JU-h*aB*0*»»*fl^*Cfcj»f 

mn£LTm»*zt*>n*&. fit. njafcaoa 

[0 15 1] a SC. A>?y>^tMl 2 0 0t© 

ra©SKi 2 0 6iiTOtt^ (7;p=f>, 'su^a. 
aaa) *aaL-T*<ci:a*a*u». 

e@s-f*?£tea£& (A-7;^n7;i/*>icf^*$ns 

ett«#CHLTf4»HT8 - 7 8 5 1 9*TBfr>6ft 

[0 15 2] *&. a»1 2 0 6l:«*a*RttT*< 
Ctfe^raT?**. ft»ffltUTI41*H¥9 - 1 4 8 0 

6 6#^ajcE«anT^s«t5»^«ffl^-6^t*« 

[0 15 3] 012 (B) CSTJ^K:. SJggi5 

fcttB*l;:ma^fcELB^£#T*«ft©®aa<Btt 

sn. -?-tistt£T«§fm«i 2 o 7$ftamffi<i:LT 

ffL-THS. #3!l£0iJTte. ELI. BIB (MgAgl 

a»#*u>£Lfca*. ELataat*Hi;^xj'«* 
« nxaa t . aaaa£(tM0)-7x 9 «T^B£-rn« 
012 (b) ©aasaar*;: 
[0154] ELa^aaaaaao^att 
tt&j±<. aa@?s©±icKit4£'ati&^. «sa. a 

ais]K±lwSttSnTl>Tt)^fflt«&S^^*<, EL 

m\z7)vn u *a*«***iT^* ctsaar* taw 

[0 1 5 5] &*5. ffiaa&l 2 0 7141 2 0 8fi$ 

n4a«t*si»T. aaaa&a-anTA^attEa 

1 2 0 9 ^il-LTAHi^Ei 12 10 C*«atl4. A 
ffi#E8S 12 10 i4«S€ffi 1 2 0 7 IC^f^comjI (* 

aaaaa-e»o. aait^-7.h«^i 2 1 i^^l 
tfpc6 1 1 tzmmznz. 

[0 15 6] CCTlil 2 0 8IC*5ttS3>^^ MS 

a*aa-r*fc*ofpaiaic3t»TBi 3ta«r»Ta 
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[0 15 7] £1*. **««0ISC«9TH8 (A) 
OttfigSftS. COt*. SISSffiSB (01 2 (B) I"* 
l^Tl 2 0 8T«S*l*B*> iZfe^Tm 1 BMBBJK 
. 5 4 4Rtfy-h&&&5 1 4£Bfc£L. *0±CAtB 
rtE&l 2 1 O^^fiTtS. 0 8 (A) ©V-7. 

IMtf H K >EliP»i:»**ns. (Si 3 

(A) ) 

[0158] *k. E8 (B) \z&i,*t% 2 mmt&mm 

5 5 3Min7^->3>l5 5 2Sl7f>y 10 
r«Bfc. 1 3 0 lTi^nsl^S^L, fi-z>M?L 
SSI 8 0 2£®firt-5„ -tLT. KJ?Lg&l 3 0 2£ffi5 
J:3fcbT««EBi 2 0 9*»»$-r4. c©& 
i^Efciil 2 0 91408 (B) C^Ti*ifi5 5 4i 

mm\zmi&i<tiz. (01 3 <b> ) 

[0 15 9] COttffiTIi*aBT«ELJlt?©^fi£lS 
($3 ELB&tfB&OBftXS) jjfffto 

CO®. HI 3ICS3n*«*Ttt-7;**B£ffi 
^Tjg 3 Blfll£BJK> E L i«Sn&DJ: 5 ICT 
•5. -E-LT, BES5 5 7 £Jgj&Lfctg. fljOVX^ffl 20 
^TftWISS 5 8*#l*fS. Cnic<fc9fllil«ffi5 

5 8 tAfflftEH 12 10 ttfttBE* 1 2 0 9^1 

R5 5 9 £iS:ttT01 3 (C) ©#38£*tS. 
[0 16 0] J^±0lSlCiO01 2 (B) O1208 

T. Affl#E*ll 2 1 OteA^v^ttl 2 0 4tS« 

1200 tomtmn rnvmrnm 1 2 0 sT^gsn 

Tt»*. BP^. 8SSJ1 2 0 5ttAffi*JiES!cD@:g£-t- 

#fc¥Bfl:L'5*W3a*&B-c**. ) £iioTFPC 30 

6 1 1 (C&i^Sft*. fcfc. CCTtiAfflfcEBl 2 1 
0\Z-Oli*TKtmV1tifi, m<DlUJ]E.&6 l 2~6 1 4 
illCLTA^y^^t} 1 2 0 4©T*IoTFPC6 
1 1 Cft^StlS. 

[0 16 1] (3ISfifisj2] *s6«MTtt, B3il©«fi££ 
01 (B) KwLfcBsKtft&-& ! b©iLJt0lJ£01 4 
1C5kT. 

[0 16 2] *HJg0iJTti. 01 (B) lCj*b£-O0 
HB*. £«B4t*4F*«fcfe®BB£ftBl 1 llCO 
^T»Wt&*J:5CEB-r-6. W6, 014K*T<fc 40 
MiMl 1 1 tBfc-rS-^OHBW-WHi 

<tr*::tT*Bfr-5E«o***e«-rs. &*. 

B*ftK:EBStt«TFTBj8Btt-*-©*SETJ!l<r». 
[0 16 3] COJ^&Btffrtltf. £Q8ftB&B 

[0164] BBftBB 1 1 1 £#jI{fcT& c t 

■C. ««^ltl 1 1©»«©T-S? B& 

©BsssBfrctaxBBWBBi i ioiMB*it 
»f*ct*»T*4. -tnicJ:o i iroiE 50 
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t*B<Mta*BJttT**. 

[0 16 5] &&. *HJS0tJ©«ll5jcl4?liS0J 1 ©f£»I 

[0166] tmmm 3 ] *SHiSfi«JT14. 0 1 
«jgOil*BB*«JS-r*«^lC"P^T0 1 5*ffllr»TI» 

wr*. a*, ft2MmfeftH4 8£j*A-r«xa£T 

tt*«M 1 CffiAtfAn. 1B2IMIUUI4 8T 

lt>nfcMyf>^fflTFT2 0 1 > S«tSflfflfflTF 
T2 0 2BHltHC«ifiT;»5OT. ICTOMIi 

[0167] xmmmoms* m2mr<nmmm4 8Rzf 

Sl^r/^-ya >I4 7 lc*f LTn >^ ? 
£J&E!cLfc£>. H^ttS6 1SJBSKT3. #3li60iJTt4 
B3SWI6 1 iLT, 2 0 0 nmW<D7)US.—$I»G& 
R (lwtXO?*>£SW L-fcT^S =9 AM) £i3itt 

rott**m-e<bAna*. EBBo»n*wr**ct*» 

[0 16 8] tut. f-«)±i:ttft:a*KTd:«S3M 
WBBB6 2£3 OOnmOBSfcBsKU &ffi6 3t 
LT2 3 0nmf©MgAgfi, EL16 4 t LTT 
*6tfiai2 0nm. X»|4 0nm, jETLM^JB 
3 0 nmSMtS. ffiL. E LI 6 4 I4&H6 3 «k 0 

fcBT**W*->ifc*J:3C»rtLT*<«Ba* 
**. C3r*c:tTBa6 3*»»C»«1-4»fi6 5 

[0 16 9] COt*. Sg6 3tEL16 4liV^f 

y+wt-^iC (^^-y-JkfcSCtfcv^) o* 
a». *r»i ■77,^-n±mmizmm6 3$^e£l. *v> 

T^2-77.i7T*fe^7tOELl^Jgfi)c-rS 0 *UT. 
»2T**«BBfcWBLfr*«&r&L TH#&fe5!3t 
OE LB. frfifSttOELBSJBfirf*. 
[0 17 0] fc*5, RGBlC»jC-T5ai**iXh7<y 

titx^-s^^Estufan-sii* 

Bi6**Bf SKtt, ^fi^7tOELlffllcm3-7X 
Hftf83ttOELBffll:B4VX^*»iaffl^Tt)B 

[0 17 1] C5LTELI6 5 STJgfifcL *:•=>, *© 
±(C^BJjgmR (**iS«sJT-« I TOKIC 1 0wt*©& 
flsBftt^fra-ttfeBB) T<t4»ff 6 5« 1 1 0 nm 
OJP^IC^fie-TS. !5LTEL* : f2 0 6*«S 
n. HSgfiSJl C§ L- fc o 2 A 7 ->^- •> a 

>me 6ZBrffttumi 5\z7t;-?&otj.mm<om%tf 

^fi£-rs. 7i*s. C©«£. 01 tBBfi&^BBOtt 
B*«jJ»lCtt*&*&. «*IWBfflTFT2 0 2OV-XE 
Bt:|«tt$n«Ba((KBBi:»l 0-1 2V©iE*'4 
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[0 1 7 9] HI 7IC*JHT. 7 1a. 7 1 bteHSSe*] 1 



27 



[oi7 2] *&mi<DmmtLtzii£. &mmv£.i& >«©*JMiT»i*sftfcy- h**t**. crnsti 

S*lfc*fi. »SXttWfi©3fcttTFT*<»*aflfc» HI 7 IC*7£ 5 K&*ffl£Lfc/^-><i: bTt>6^ 
a**Bi:rtlJ:b. i«OW4S*a>h7XHt ffl [0 1 80] y-b9M7 la. 7 1 bt LTttSfl:*> 

*©jt) *«iaj±ra. 9 )\>mtt> >* ^mnmmm^^zr^y t* >^r 

[0 17 3] ft*. *3li&0J©#SjSt4. gffifll. 2© 10 >0**K&£tt®««||*A»TfcAfr>. L*»Lft*t 

^r*io«i*t i befi&cia*^to**c:t*»?riiT* s. <»* L042 wiutf) ©««&««£ 

[0 17 4] C$Jfi0!l4) *Hffi0iJT«. ftttffll let fc. y-hlft«R6t£*LTettH«p^ftA-r-5J:5ft 

H***©-«*KWr*. IffllCBBl 6*ffll>*. [0 18 1] cnilttLT. y-hE*7 2tLTy- 

fcfc. HI 6lC*^TBlXttH2i»l5-r-6S8»lC« h^<S7 la. 7 l b«fc 0 t><gJgft&*«K. tt^ttlctt 

[0 17 5] HI 6C£fr>T. 2 0 1 tt*-f «;/7^>yffl ^R«^>«. y-bE*§7 2 CttWCEE&ioitt 

TFTT&9. V-XMl 3, KK>«*14. 4* BI**nftl>. SttiilJ5t*:i*aif>OT 
-hE*l (y-hE$£**aS) 10 66^0. 20 SffiffiL^-r^T^S^^A^fflS^T^T 

2 0 2tt*«IWWBTFTT*0. V-*»*2 6, H "bWEitt&Sfc^. 

K>SJS2 7, y-h«<13 OS^tf. IsSfttJ [0 18 2] *Hi60iJ©ffiji,i:T-I>i§&. *J£0iJl©H 

ffflTFT2 0 2©FH >ttJ8tt#3 3 (fflU Hi 7 (D) ©IgK:*3<,>T8S 1 ■MKWi5 4 4 £JMtT 

f) . *«««34ft^HU'f >E«3 2*^LTB* 7 1a. 7 1 bft<B&Lfc:Rtt?Mfia£2ll*.S dtlCfc 

««4 9£«ftttl;:««Sn*. 5 1. 5 2TS «««. +#C^ffitttt*H«. «F*t<««*M*»l 

*n«.«i«EL!5 1 £&<I5 2 0»l*ffiI£jRU ppm^TTSS^ffitt^HaT^fflSSrfTO^lCtjy- 

Ii$«&49. ELS5 lfttf|£ffi5 2TEL3&72 0 h«ffi7 1a. 7 1 b««fl:3ft5 Z. t\ttj.^. W*>. & 

3«JMtbTH*. fcCAOJtttttWttoTSCt'b&HU &5&©BSt(4 

[0 176] uOif, 7<7f>^fflTFT20 1© 30 (B4UR) TitonTl/SiiiftcttitK 

PH>EI2 2\tn>99 bmi 6 0 1 tCTmSSSHW [0 18 3] -tLT. »ttftl8««»7Ufc6. 7;P5 

fflTFT 2 0 2oy-h«S3 0C«aWlC»«*tl -^AX»4«til«»f«-*»«*l*»riEL. /t*-= 

-a. ^©y-hm@3 Ott*8tlHW8TFT2 0 >yC«fc0y-hEtfi7 2*JMemifJ:fr>. Z\<D8f& 

2©7-*E«l3 lil65S»l:*l>Tffij#§Il 1 ty-htl7 la. 7 1 bty- HE« 7 2 t©«(ltr 

3£Jgfirf-3. :0V-Xi83 1 ttS«tfl[*^A5 SSftTttAfffc*-* y*?1Z/9>> y 

QiEUIM&8Sll 1 1 t«»6gl;:8&lBt£*lT^*. -hmffi7 1a. 7 1 btc»9r5£©y- H®EE£lni;L-5 £ £ 

[0 17 7] &*s. **lKMi:*t>TBB 1 6C*LfcH *»i>H££&S. 

*«i§tt#B«W£MSE£7*fc©Tttfc<. »SL [0 18 4] #lliS0iJ©«iigt4. «f|-H«S^«©H 

^-wicia#fft^. x<7f>^TFT. mmmmrn &ofc«dc*i,»T*ra*T?**. ^©at&£ 

«#J»«Jtt*M"*"#l«A(f». *$ffifl(4. *SS0U~3 [0 18 5] #Efe9i©E L3?^&B(4 1 7 

©U7tt©#li5£<fc a ft llffi^fc-frT^JSTa C <!: A< »©1f77U-AI;:fl*JLTBI!rf -5fc*. HSf£SB£B 

«*E-e*s. »T4BiiiiiKtc*»*»s&st4^:tr^. cm^fiflrrs 

[0 17 8] C*iSfisj5) **««Ttt. 7ff^7 CttH*E#f#-*-«Affi (E«ffi6t. «£s§»j££{4T 

HJ£Xl!EL£^gR©ii*ttii*3l«m<tttSft FT©S§ ji*§ftft£*) £ of fi & SB 0<gfl?tt 

*Ei8fcLfc«£0-0«*ttiJi'f*. Hewlett, HI |f*LV>. 

6CSLfcHSl«!jgfC43t»T. y-h-E»©ttft£S& [0 18 6] T FT©*€rii*$fttt#H589!Tfflt»-5 

**>©£Lfc0iJ£Hl 7 11*7. tt&. Hi 7J4H1 6 *U v"J D >m\z£?Timizmft&m<om>T F TA< 

*S©T. #lC»*fflfti8^t4^Bft7S. 50 E«^y-KEECftftl*n4*^«Ett*«#*t-en 
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6E«0±»C**StlfcE L£?©BB 
®) fc©WT»BSft*#. ^©.«IIO^TttS2Sra 
te8B£bTJ*&«^©<g<^B»lil8t£l. 5-2. 
5 Mi£^3»*T»BT*©TB£B*tt»fc*B»T 

[0 18 7] C(D^i«kO*SfgBJ*ia5i?3BOH«©^ 
*t»E L«w«Bi:j|lsr*±T» , bl»*itt*©tt7 f 
-*EB*y-hEB©BB*ttifc*. AM. x-* 
ft <tffiiJigB>lEl8S£ffl&IC#S'J LTttWfflB* $ o , 
BBBfcBA/Tx'-^B^BBBBB^y-KB^BB 10 
BBBftBttTSafofr&B^ftBD. SIHWIcKKiIhI 

U *©B&ttEBBB©**BB*f*#<&«&£M 
©Bfl#<£i;TLS3. 
[0 18 8] fi^T. ***«OJ:'5i5t«liBCJ:t)Ty 
-HE^OSE^ffitn^S^fi^TS C<fc«. *BfgBH£ 
£Mrr*±T#*CW3ttT*4. *&BBC«<r» 
TBI 7CjSLfcH»*»fcfc*B»«fc<«rSEjrr*'b 

a, 3 ©v»rtt©*«£ fee 20 

[0 18 9] ««SM6] *H36MOJ:5K:i7U-A 

u~Ai;:$ttrrsi5*HWBB*fr'5 c» 
«. w-b. (^s^) oa^TFTt 

fflU* bl». *Slffi0iJT«. ^sicbbtb 

KT S Z. t © T * -5 T F T £ f£HT -5 ±Tg *T £ l> ft 

[0 1 9 0] HiSfisjlllS£oTia5 (E) ©IgSTfi 1 
o t . ff A&BABBT&* > U 3 >K (HiSfisj 1 Ttt 30 

*©*»tt*«*K. fi-p«fl*fi*«Jt^T*0. TFT 
©ffittJIt-f 3 C t T#*C»«r»»fpaflE€S-rT F T 
WbtiS. *fJB»+Ttt*B««TKBT*5'U 3 

C, ±EBBBIMSA'>'J=i>BSKflsLTSBbfcli 

[0191] bbbmsa^'j^bb:. flsstwicjitt 

«BB©ttttXtt*tt©ttA (BIT. BttttAt^S) 
jWfcSS-aTB^BABiBS*-*-*. KDitttTEM 40 

(bbbb?bbb&) fc*aBBT*«KBBT# 
it. 

[0 192] 'J 3 >»="31>T* 

3 5//B©«^«ia»r{H6W«lcB«l/fc 

tt^^^fftt^afc©© (lio) sic^js-t 

«B*rSB*«*nw;:attTiJ0. «Sa$4tc^'>©Tti 
*^StlTt>*t)©©±fe-5El6jH(i:Ur {1 10} S 
**T*i:£*«BBT#fc. 

[0 1 9 3] 01 9 (A) fiSMBJMSA^'JriVBl:: 

1 . 3 5 (£H©«?a£UttLT*fc*Ta 50 



@»f»T*4. El 9 (B) tet£*©#'J->U3 
>BCB*fr"PB*B*BBLT»fcB*BB»rBT* 
*. &J3. «r»r*lt>JSP»«l'*>J«**B©BW**lfcteB 
(«*B©B».«) T**. 

[0194] 019 (A) ©£li {110} BlCttffc-t 

*BSf«j**»ite»**itwcsnT»f»*©«:»L. 0 1 

9 (B) ©#fi$£T-T£BiJT<&9. Efiffirt*!* g tf £ 
TfciCttf-BBBT**. C©J:5l;:Btt£ffttA 
•>'Ja>Bli« : FBB«faHH*Jintf. ££*.lcS£*© 

¥W*Bi:K9J"r«ci*»-e*a. 

[0 19 5] fc*5. 019 (A) ©B7BB*fBC*<r> 

x {1 1 0} sicwt£:-rsia»Ta.«*^nT^sct 

tt. 1110} BM©BBB^'J3>9xA©B7BB 
ifrBiitB-rtitfBS^-r**. JMS**>'J3> 
">iAOB«fBjSJ4«l»j«"rJlA*©C»b. BMBIF 
ttft->U 3 >B©0*fKXStttB?«©BBAH*+'C.'i b 

[0196] cnna^s^a-> , j3>K©#®T- ! b 

&£. &^SS«{i*lC {110} S£Efa®<ibT^ 
— 3©BaBK:-3iiTS.ntf*tS*->U3>d: 
NB©BtfE£tfftSn«&?B£ttft. LfrL. £B 
Ctt««:©ISflB©B^#T*afc». SgfAtaii { 1 
10} I$E(SlIiLTl>5fc©©, -t-tl-6tl*»BJlB 

b 0 cBa»fcB«ES£*. ^tt^tt©*3A&ii*fjs-f s 

BBjftAtH <t> P3 ± BBBBn* . *ft e. #fi & o Ttt 
a*0£H.-&*©T3&-5. 

[0197] fib, B*©isftett«jfi-rsj:atfij6 

B*&BCI2BAtt*B&dBBfcl*fe&ttfr>. SEo 
T. BBttBBA^Ua>B©B7BIUrBa. SIMW 
tcti {110} EfS]©^S->U3>OxA©m^lHl 

[0 19 8] Et±©Ct*»6, *HJS0iJlw*3^TTFT 
©ffittHtbTffl^S>'U3>Btt. {110}E(S]tC 
»JST5«¥ ffilElifrB* U 3 >ItibSifoT 
Mb3fc*.&<^<i:#A5. 

[0 19 9] *K. BBttffBA<>U3>B©BBBB 

t>. *^*M : *t?«H((^©<t'5?tt^®^t>#J6TiKa^ 

[0 2 0 0] *WBAttB-»OB«B**t«LTBBf 
S*Sa»#5:HR-TEM (B^BBSBBB^BBB 
ft) iciOS^L. BABffi:«^TBAB?i:BMtt 
**6;t«»8Lfc. cnttBBSti*»-f«*t«lB 
»JHc4jt»TB«Wl:B«*oTlr>*^t*»6BRCBB 

[0 2 0 1] ^£J3. BABffi:«(t«BA«7©BMtt 



31 

SCtClgBTS. *W*ffl«lcfctt*¥Etf&#©5£g 
14. rctiarac lerizat ion of High-Efficiency Cast-Si 
Solar Cell Wafers by MBICMeasureoent ; Ryuichi Shi 
mokawa and Yutaka Hayashi, Japanese Journal ofAppl 
ied Physics vol.27. No. 5, pp. 751-758, 1988J IZiiW. 
£t\tt Tpianar boundary j T&<E>. 

[0 2 0 2] ±E»XCJ:fttf, y-wvmftizim&tt. 

*»tJ. IPS. «fltMm&0&a*S*+U7©»»* 10 

[0 2 0 3] acts/Mfc (tiaafc&itftM) at <i i 

0> {2 11} safiff* (1 1 1} 3R 

[0 2 0 4] a«HMMSft^ij3>«*TEM«*Ufc 
fMcfci^T. PC£©iiSS&©B:£ti:tf< {110} 

{iii} sBcwitj-ritt^in^a-rASfftr 

St. 9 = 70. 5" ©P#K S3 
[0 2 0 5] 4*. 9 = 3 8. 9° ©PflCteS 9©*fj£ 

[0 2 0 6] cottttttj&ttftti:. |S|-E7JG:©ii£ l §i& 
MK:L*>*ifS*na^. IP*.. »&&IM§fi->'Jn>Bt 
(4S^fiAi«{BS {110} Tl5T^**5u*, 30 

[0 2 0 7] £©*£7ifc!i l SI«ji QEttCtilMttJFOfll 
ifi) 14. tlMtJI^£fr>TJlft«=?a|gMiktftt6T 
^144:<S-&LT^Sca:&^L.T^5o HP*., SSI! 

itinris^Tiefttt^igttwcaat). tea&Mec: 

«r»*. ftoT. £©mtttM2^#?«¥*itt«ftf4 

[0 2 0 8] gifcSSK:, »H!tit}H6*->'j3>BHe» 
B£-rS^(C7 0 0~ 1 1 5 0"C©JjD^MS^Ig^4'T* 40 
ff'SCtlCj^T. tSiSAC^tiXH (8WKR8 

[0 2 0 9] C©*l&&©g{4tt7?;t. (El 
ectron Spin Resonance : ESR) iCioTX tf >?Bft 

©Xfcf>&Stt'>ft< 5 x 10" spins/cm 1 UT (Sf 
$L<I4 3X 10" sp ins/cm' £TF) 

ti»«. itt*L. c©sa£iif4g!?¥-t*S!i5£gH©ifcaj so 
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s*i*. 

[0 2 10] ft*. BttttJH41->ij3>iHc-3i>TO 
£&KI*fllftK91l4. *ttigAlC«fc*#ii¥l 0-0 4 
4 6 5 9 4tblfl9J«*. ifcgjp i o - 1 5 2 3 1 6 *JB 
K9!*ffl8. WWl 0 - 1 5 2 3 0 8^fflH^iffl»St 
I4#S¥ 1 0- 1 5 2 3 0 5 *BM9!M*£#!imil* 

[0211] aitttiMgA^U3>ii«stta& 

LTiSf^LfcTFTte. MOS F ETKE«T*S«ft 
t^SLfc. #iti&A*titf£LfcTFT (fib. ffittlg 
©KJ¥{43 0 nm. jf- hiS&«itBI©ffilJPI4 1 0 0 n m) 

[0 2 12] (1) X< yf>yilt (*>/*7»ff 

S#. N?-v*;H!TFT*J«tOfP^A'*JI'S!TFTt 
t)IC60~100mV/decade (^WlCl460~85mV/decade ) 

(2) TFToftffaaeo»attts*ni3a»»iiflE 

(tf FE ) **. Nfv^JHTFTT 200~650cm , /Vs 
(ft*W!Ct4 300~500cm'/Vs ) . P^ + *JH!TFT 
T100~300cm'/Vs (ftSWCtt 150~200cmWs) 

(3) TFT©BIi*E0»*ift*L*MMlEE (V 
,.) A*. NftMITFTT-0.5M.5 V. P^v* 
;HTFTT-1.5~0.5 V£/J\J*»r>. 
[0 2 13] a±©«K. SftTflMlfcTW y?>{fft 

Tl>5. SSK. ±aBTFT*ffll»TttfPL.fc'J>^ 

©flSKftoTl^*. 
Sft : 9© 

TFT©y-Mfi^K©KJ? : 3 0 nmRtf5 0 nm 
TFT©y-hS (ft^JH) : 0. 6 ym 
[0 2 14] ££, HI5l:y7H/yX^^ftLTl 
fPHjfift*«tBLt. -&©ie*. y-h*g^K©HJP3 
Onm. y-hSO. 6 ^m, mi!imflE5V, SS5 0 
S©->7 hl'*J7,9\Z&^TWlftW&& \ 0 0 MHz© 

[0 2 15] a±©«ttU>y->U-^*jJ:^->7hU 

v*;^©smw&x-*t4, jgatajMSftyu^^Bi* 

jSttJB<fT*TFT*t. *Bfiv'J3>*JHr»fcMOS 
<fc£*l£-f *. 

[0 2 16] W±©«fcplZ. attftftttA^Uz^KS 
ffl^Sd£Tffi#T»f£&£©&^TFT*<Jgja£ft. 

ttBlu0IS6*gi-r*Ct*«T#*. IP*,. &±©J:5 
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[0 2 17] B«ttWSaS''J:J>«l*m»fcT HiS0iJ7W«^«tO : b»i^T-v>^C:^O. A0tt«t 

^fflTFT^*«EM»fflTFTCfflt>*it*>#a*T* «. 

4. »ffr£g*<i§<&4£<hT&#gft^<£8£&*l$ [0 2 2 7] »fPH«»*«Att«ttltf7HU 

[0218] (*£tt7) **«6rf4##c»a-ee m*j:oft<««r*ci:*«T*4fe». 

**, **JS0t]-C(2. :HKe9J££KT4±T*a&n* 10 [0 2 2 8] E0$£B8 3a~8 3d£T£0H*-Tl 

aoeft^feC^^TttWT*. KWK»4H2 0*ffll> ®»<£«^T4ili:*tT$-5. $ £ [wH3iS8&8 3a. 8 

4. 3bTlH4ft££*U HmSi58 3c, 8 3dT 1 

[0 2 19] **JS0iJT«, ®3ggB8 OS-OOiffl^SB 2 ft<SiI#£|^lCg*1-4 £ 

8 0a, 8 0bC:#tt. USSBS 0a£x-*ffi*fffiiJB») tt>?I(l6T**. 3&l;:il*ffi8 3a. 8 3bT&4H* 

0888 laRtfy-hffl4HBB»lI888 2aTB»U H £»lhiia: U H3!gB8 3c. 8 3dTtt<5H{fcSlbH£ 

5SISB8 0b£x-*fI*H!iJB»ilII?88 lb&tfy-hfi4§ T4 C £&BJ<£T;&4. Wft. lOSSSC 8 3 CM&ftik 

[0 2 2 0] Hs5tgB8 0a. 8 ObSrl^fClH [0 2 2 9] ft*5, #*iy&JTttiB5&S£B9^l;:#ttT 

CH»»TB»rrn«. 7-?mmmwi®®8 ia. 1^4**$ c**»<&ia*8Bi;:##]T4 c t *> biht* 

8 lbfttfy-hffl^mB»lll»8 2a. 8 2b0ttffta 20 5. #5li&0iJa>18(£te, *««l~6©l»m© 

i§l*»5ui:*!-Ct5. [0 2 3 0] (JUIM9) :MW91tJt 

[0 2 2 1] ftfMttftftSX.ttttatfTPl' Jfrr4±TW»£H*«©Bft#8HC , 3^T. 5IJS0IJ8 

X»M£¥fl-fcf*;:£**T*4fctt. *©»fc'tftJ-X ittJ*fc*B»#ffiib&*£&*-r. !5JWIC14@2 2 

£«kDg<«E#-f4c:<i:#T€?4fc«>, H«©iJi4££ [0 2 3 1] #Sli£0i|Ttt. H3JSS58 6 *ia^>CDlI*8B 

f6]±$1i--5Ci:^T*#-5„ 8 6a~8 6dlC$W, HfflgB8 ea^-^fl^fflilBS) 

[0 2 2 2] @j^S58 Oat 8 0 b £: £#HtT 1 H EIB8 7a2fctfy- hffl5«B»lsli&8 8aTB«lU ■ 

«*9S^-r«^a:fcT€r-5U. a*8B8 0at8 ObtT 30 s?tSB8 6b£^-^{I4fffliJBi&Is]?88 7b&tfy- h« f| 

#*fttt*Bftt«S?S-a-Tt>A^. flIAtf. ffliJBi4lH]K8 8aTB»T-5„ BUSC, H5gSR8 6c^^ 

>T-^^±ia-C ! ffi^i(iHi:^'5«-& : fo*Ci^-5. IP -^fS#ffliJBftl3K8 7cSi;y-hfi^fliJB»iaiS8 

5. mm$x>8 0izW}mt»±wtfMtE-rz&5tzis-&tf sbTBi&u mm&s ea^-ffsmssmm^s 7 

feoTfeAfr). dfttfy-hflM«MB!lB»IS»8 8bTB»rf4. 

[0 2 2 3] **ig«aJT'«il3ggi5$--0(C»ttT [0 2 3 2] Z.<D%£. W%&8 6a~8 6d£ftl$C|3 

^*#3&fi:Wft©B*»C#WT*£<fcfcWC» U«*»T?B»"r*CtT?7 f -3'flr^«B»H!S8 7a 

-5. Sfc, *HiS^JcO«B£(4. *JSflSJl~6©Hfn© ~8 7d©»feHfc»:£ft<<r 1 /4 icStTd tAiT 
ttfiKifciSlcSfl^b-a-TSSSr-SCi^aJtlT* y-h«^ffi!JBl(llHl888 8a. 8 8b©»)ft^&&£ 

[0 2 2 4] C^JSfisj 8 ] *»iSfisj-C«. #Bf6BJl£5S 40 O««J:0 "b»fpv-3?>*fj£at0. AMtt«tjS|<. <R 

tttS&SB»^rfeiLfc«^**-r. ift^l'140 2 1 [0 2 3 3] SSI;, ftff ffi«&££;t&ttft#7 h* U 

x»ra*i/4ic-r5dt**T#4fc», •?-©#£«-* 

[0 2 2 5] *BBWCtt. ®^gI5 8 3 $EgocOil^gi5 Xr-f >WM*ft»ti:* Ci*«-C*4. ffft. 5gftP# 

8 3a~8 3dlC^W. H3tg|$8 3a~8 Sdfcft^x-* MS: «fc 0S< ^ffi-TS C ttfUZZtzlb, H8©9i4£ 

ff4fflBnBB8 4a~8 4dRc/y-hfi^ffli|BftlilSS *lSl±***c:i:*»r**. 

8 5a~8 5dTBftf4. [0 2 3 4] I9£&8 6a~8 GdZTZWHT 1 

[0 2 2 6] ®5gg|58 3a~8 3i&mmzm IM^t5CifcT#5L, ®sRgB8 6a~ 8 6dlC 

Cm&%.TmW)-fZ> C tTx-^^ffliJBldtelK 8 4a S^Tft*gft*®fc*£^3l*TfcAn. 0J». 8 6 
~8 4d&t*y-hm#ffllB!!llHJK8 5a~8 5dO»ff 50 a~ 8 6cT 1 mfcZ&THL . Wm®8 6d©*£&-&Hi 
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»ttzztt>*jm-?$>z>. st. HSI8B8 6\zw>mt aatfa<. WL&mtLTmtbx&nh-c&z. flu m 

»ikBfc#«fiE'r*»aa**oTt>Ai»>. aa*a<&*iafi*atfTaaaa««T-rsfc«>. * 

[0 2 3 5] &*. #£«S0J©a6Jcte. KiS£0iJl~6© *"«<»^Bl» (ff S L < tt 5 ~ 1 0 0 n m) THH»* 

nmoaat t>i a ca*ab*Taa-r* c <ta<nj n 

BT*S. [0 2 4 2] St. ±ettMM«£fe-3*m*£&«* 

[0 2 3 6] C*&Ml 0) HffiCJl©02f^Lfe« K*#»Tfflt»*ii:t)T***». zns©»«t. « 

$&i 2 1 L-T. tt&$S©i«^«#«:ffl^*::<htt#2& [0 2 4 3] ft*S. **JSfiSJO«J^«. *JS0U~9© 

T<6£. »C««M»fflTFTttft«HIIUC*-3TJtttM ^mo«l«tt>iSlCfi**to-ttT*l(i1-*it*«Pl 

a<©a«*«T::£Ctt*fc«M8ai/-*T<, iEfg 10 BT**. 

HKJ:**fl:3j«MHia:0 5«. *0J:3&a*£. * [0 2 4 4] [*aMl 1) aa« 1 TttELB&LT 

*««OJ:5K:TiWI««l*l!«»**Wr*id:TTFT *«ELtt*f*ffli»ftci««»*Hr»tLt*«. *a#g 

©*»*fl:*»«ir*i:fc3&«T#*. Wttj**ELtt»*fflt»T"b*lST**. fflU Sift© 

[0237] iuM*eto8%tt4m&LTi2. b si we Lttft\t#%\zmw)m&tf&^tzsb. -g-©«t5& 

(*•>*) . C (IK*) . N fe&atttl&Jtft B»«ECBA5*W£E#tt*#'r*TFT*fflt»&»t 

< tt>-t3©5c3Ht, Al (7JPSx£A) . S i (8 ntf&S&t*. 

Si) - P CJ» *>5>a«tlfc'>&< it)— P©3E3(?i [0 2 4 5] St«. SlCffifjaBE©fiv>a 

[0 2 3 8] 0JA(f. BftT^SiitfA (AlxNy) bI(£T<&-5. 

Cft*Sft*7JI'5 = *AO«fl:*. Bfl&B (S i x 20 [0 2 4 6] St. *aBM©aai2. USSCJ 1 ~ 1 0 

cy) icft*sn*a*©ftik*. a<bn$ <s i xn <D»-rti<Dm&t*>&&K.m»&t3it*ctimmv* 

y) cft«*n«aa©afls*, aft#*a (bxn 5. 

y) Ctt*£ftS*tfa©S{ba, U>flS*SB (Bx [0 2 4 7] (gaff 1 2) *Ba93&aBlTaa£ 

py) cft*sn**^a©u >ft**av»4ct*«?r nfc7?f-f 77 1« «j ?xie Lgsgg cel^evo. 

^t$>5. st. ba^ji^^a (ai xoy) ktc -jm a. iajtaTftifcfeaaawaaictt^TW 

aansT^s^^AcafbWiajettJcaft. *^«aT©aattc«nTt»*. *©t»*a»wi 

*««2 0Wm- , K-"?*0. ff»Lt»*mo-^m ISI«DELT^7L-f (E L^ va— 

5. &&. ±Ba*tt»»c4j^T. x, yttttaoa «a*7*-rxyi/-ffc»r) c»LT*at-*;:ia«j 

a-e*«. ELf^x7HtLTB/lV3>tri', 

[0 2 3 9] St. ±Bft**Cffi©5Ea*tt**to* 30 T V&iUgfiffl tz?, £aaw*=*a**atf 6*1 

iOL-T. A l NxOyT^£n5B{bB{b7.H'SX9A [0 2 4 8] St. #Ba9!tt±SB©E LtV X:/U"f 

*a^*ctt>?raT**. Jioaacfcaaaaafw- t>#*T. ajKy-fxyu-rsaatL-Tatrassa* 

t&<, *$K»7;k&uaBa©«A*a<a*a«* a^aBcauTaa-ract^ar**. 

4. &*5. ±ISafbKfb7;i'5X'>i»lC*3^T. x. y [0 2 4 9] ^pfttfiliLTIt ELr-fX 

liffi.«©aSC-C$>-5. yU-f. tTt*^7. 7X^*^7, HSBSOtttt 

[0 2 4 0] St. «rBB«6 2 - 9 0 2 6 O^aiCiS If-fX7K (.^y KT? > hx-r X^U-f a) . * 

t*ftfcffl$ffl^5;i*(TJ5. gp%. Si. A -tbY-ya >. A- 7:)\>lo > tT a-*, 

i. n. o, M£^tf*feaa (fit. M«#±a7ta© rt/H*n>ei-^, aaaissttta^aa 

4>tt< tfc-a. »st<iice (-bu^A) . Yb 40 a) , fBaa&£«tAtiia?i£gg (*awic»43> 

(-f yr-JUf^A) . Sm (-9-ViJ^A) . Er (1)1/ /^hr^Xi' (CD) . If-x^X? (LD) X 

bf7A) . Y (-Cy MJ£A) . La (7>*» . G lixv^JHf x^x-f X? (DVD) a©fe&8J#£f? 

d WK'J-'JA) , Dy (-/X7d>">A) . Nd 4U *-©Ii#££7KL 5 XT'U-f £<SAtg 

(^^•v"i7A) *»si(int'>a< tt>-o©7ca) $ a) &£**atfe>n4. -^n^a^aawa^ai sic 

*^7;i/*>j^aa©aA«K<rsaa*<»4. [0250] 01 8 (a) tt/v-v^ioxfa-^T 

[0 2 4 1] St. 'M<tfc^t ; E>H8lXtt7 afeO. *#2 0 0 1. £#2 0 0 2. S*gB2 0 0 

^)P7 7X*-#>K micyf-\' ; E>Klr^tt©)fi^ 3. *-#-K2 0 0 4a*atr. *K^W«^aB 

t>©, y<-v^E>H5'f *#-#>a£W;ffts. ) $ 2 0 0 z\zm^z>ztw$z. 

stifcms&zm^zz.tb-vtz. dne.«*aicae 50 [0 2 5 u hi 8 (b> tifx^-*/5T*o. *^ 
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2 10 1, g*SB2 1 0 2. %FAJl&2 1 0 3. g 
ftX-f 1 0 4. A 7 f'J-2 1 0 5. §»gB2 1 
o 6 m^ts. *Sf6M*S^«H 2 102CJIW: 

[0 2 5 2] 018 (C) ttSSttOftttfflOELy* 
X7V-r©-gB O&Krfflij) Ta&O. **2 3 0 i, (i*t 
•5r-7;i/2 3 0 2. HSBBSAV H 2 3 0 3 . £ 
*2 3 04. ft¥&2 3 0 5. «^gt2 3 0 6^ 
tS. *^^ttS^SE2 3 0 6lCffltr^Ci7it-Cf?5. 

[0 2 5 3] 018 (D) (iIBgjKfr^«S^fcHi*^4 10 
SB (^»ICliDVD?l48S) T&O. *#2 4 0 
1. Um&fr (CD. LDSfctiDVD^) 2 4 0 2. 
MM7f2 4 0 3. 3t*gB (a) 2 4 0 4. 
gfi (b) 2 4 0 5§5ttf. S^gB (a) liitb 
THiHIMI*«*L. S*8B (b) tt±£UT**fll 

*8£g*-fs#. ^gHiiciigs^ttB (a) . 

(b) CfflH4:t*»f*4. IES«Eft:S«Afc 
H«M?££B<t:bTtt, CDf?£gB. 

[0 2 5 4] 018 (E) ttftttS (^A'-fJP) 3>fcf 20 
i-^T&lp. **2 5 0 1. #*7gB2 5 0 2. $« 
§52 5 0 3, Sf^X-f -^^2 5 0 4. iSiI2 50 5 
*££t». *£9JI£&i%gB2 5 0 5 iCffll^CitfT 

[0 2 5 5] *fc. ##WKELtm©f23fc««a<iS< 
7 n > h b < tt U 71!© 7*n ->*i ? ?-\z 

[0256] a±©*i::. *m%w<Dmm&mimtbT 

Sfc. *$ttffl©«?tt88tt$ffifl 1 ~ 1 lot* 30 
©«fc UTfc^ItS Z 

[0 2 5 7] HUSM 1 3 ) #*SS0JTtt, *[R© E L 

fflTFTtELiSf <h©ffiK^ttSSft#©J8taffi£» 

[0 2 5 8] S1"ELIiltfflH5EL»«Sft^t 
-5. #3U£0>JT«, I TOTfe5|^S±(C. IE?LI$i£II 
t LT 5 0 nmfOT PD, ELiiLT50nmfO 
A l q£jgfi£U *-©±t;:MgAgT&£&13£t§:tt;fc 40 
««OEL*^*fP»bt. fib. Xh7-f7"tt©IT 
0/t*-> (2mnH) ±HELJI££®Jg;&l,, IT 
O / 1* - > £ it 32 r 5 =fc 5 1 C X r- 7 -f 7"1K © M g A g « 
43 (2mmi|@) *»fi6bfc. 

[0 2 5 9] dOt*fPBbfcEL*^©B»«E (Vo 
Itage) .hltsftffig (Current Density) OHiS02 3 

(A) ic^f. mm®mtf£ft(DWm (Luminanc 

e) OHI£@2 3 (B) II^T. ^C*3. #^iS0>J©E 
L^li5 2 4 nrnttifiW&gllfgfttr-^fc-fc,. 
&&gtex = 0. 3 0. y = 0. 5 7T'*ofc. 50 
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[0 2 6 0] 02 3 (B) ICfctttf 5 0 0 0 c d/m ! 

©«&£aj-r*:»K \m 1 o o mA/ c m 1 ©messs 

5? r- 'J V7,tt\Z®x.tz.ftft 5 -f >^©H3!!SB£*rt* 
EL&^&B -m$i3b1t*)\Z&&titm\t 
ft 2 4(tAi&5. 
[0 2 6 1] 02 3 (A) C«fJ:3K. **SSfi«JTffl 
I^ELtt&lil 0 ViDAfc^flCl 0 0mA/ cm'© 
«ifcB£T««ta<8H"lS©T. 1 0 V*lMx.1t&f\zm2 
4uA<Dmm&&fe\zm?1tV>\Z\*®4 2 0 kQ©tS| 

[0 2 6 2] ftoT, 01 (B) l:S1-jBt#l 09t 
bT4 2 0 kQW&ttttfclStttttfELSHM 1 OlCli 

T**. *©ilS3l. fg7fc«g£ft5 0 0 0 c d/m' t 

[0 2 6 3] ELlO#**8EtfTttt. JStatt 

©*g$afil£ $ 5 iC&SbT E L jfi^ lC^n.5«git$ffllAn 

£„ 0tf*J;f 1 0 0 0 c d/m'gSWWgT+^Tafen 
If&g&mSltS&te 3 0 m A/ c m ! gft. E L ig?© 
ffiS)€EE«#J6 VTfeSfflf. -H^fefcO 7. 3 u A 
©«85*<jgnn«Al». GEoT. i&8 2 0 kQ©Jgta# 

[0 2 6 4] Z\<D£o\Z, ELIi8iOSA7^-^ 

*Jfl i»tttf £&8&ttfttt©ttlfttt «« A ic W 

[0 2 6 5] 

ctT. tft©& 
&rt7y*\z&wtsnfowwt£&ii&mi]7-&7ikiitvi 

Mi? 2 7- 4 7*T r- U i?7SE L^S^B^^SCi:^ 
*#fi«lC»4. ■*«C»Jt*««EIWIPfflTFT 
tEL*?t©|B|i:J«ftfl:*ia:lt. -?"©«6tft©»trifii 
iCk-sTmatffiSr^-r*. •€-©±-C^v^;i'ffi^lC«t 
m»g»J»fflTFT©!t#tt/\'7 

[0 2 6 6] Sfc. S«±|-^$nSTFTifl£t># 

FTSriBBTSCtT-. fi«Btt©»t»7i'7 L -f ^ h U 

[0 2 6 7] -5-bT. •E-OJ:?/j;7J'T^Vh'Ji'X 
ME Li^8I$fif^X7K t LT&ffitZZ.t 

[01] ELS^B©«l5)c&*-r0. 

[0 2] EL»^SEB©KS«li&^-rH. 

[0 3] S£*©ELg^gB(-*3ftSia^gg©«}B£ 
£^T0. 
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Ift9i^50o 




[0 1 6] 




[05] 
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0„ 
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[0 1 8] 
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E L ^7K&®£>iIi^gB£t£;*: L Ac0o 


[0 1 9] 
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